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materials to a soft material body are provided. 
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DIUUJNG BIT FOR DRnXING WHILE RUNNING CASING 

1 

1 

3 The present invention relates to drilling tools as are 

4 typically used for drilling well bores. 
5 

6 Conventionally, when drilling a well bore of the type used 

7 in oil or gas production, a string of drill pipe having a 

8 drill bit on the lower end thereof is advanced into the 

9 ground. As the drill is advanced into the ground it 

10 encounters different rock formations, some of which may be 

11 unstable* To minimise problems which may be incurred by 

12 running the drill bit from one formation to another, it is 

13 common practice to run the drill bit to a predetermined 

14 depth, and then remove or ^^trip" the drill string from the 

15 bore. Structural casing, typically made of heavy steel 

16 piping, is then lowered into the bore and cemented in place 

17 when set. The casing acts as a lining within the bore, and 

18 prevents collapse of the newly drilled bore or 

19 contamination of the oil or gas reservoir. 
20 

21 As a consequences of having to carry out the above 

22 procedure, the cost and time taken to drill a bore is 
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1 increased as it is necessary to perform a number of trips 

2 down the well. It will be appreciated that at the 

3 considerable depths reached during oil and gas production 

4 the time taken to implement complex retrieval procedures to 

5 recover the drill string can be very long, and accordingly 

6 the beginning of profitable production can be greatly 

7 delayed. 
8 

9 An attempt has been made to mitigate this problem with the 

10 introduction of a procedure known as ^Mrilling with 

11 casing". This procedure relies on the attachment of a 

12 drill bit to the actual casing string, so that the drill 

13 bit functions not only to drill the earth formation, but 

14 also to guide the casing into the well bore. This is 

15 advantageous as the casing is pulled into the bore by the 

16 drill bit, and therefore negates the requirement of having 

17 to retrieve the drill string and drill bit after reaching a 

18 target depth to allow cementing. 
19 

20 While this procedure greatly increases the efficiency of 

21 the drilling procedure, a further problem is encountered 

22 when the casing is cemented upon reaching the desired 

23 depth. The advantage of drilling with casing is that the 

24 drill bit does not have to be retrieved from the well bore. 

25 However as a result, should drilling to a greater depth be 

26 required after cementing the casing, the subsequent drill 

27 bit has to pass through the previous bit in order to 

28 advance. This is extremely difficult as drill bits are 

29 required to remove hard rock material and are accordingly 

30 very resistant and robust structures typically manufactured 

31 from materials such as Tungsten Carbide or steel. 

32 Attempting to drill through an old drill bit may result in 
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1 damaging the new drill bit, adversely affecting the 

2 efficiency of any further drilling. Consequently, the 

3 damaged drill bit would have to be retrieved from the bore 

4 and replaced, and the time and cost advantage gained by 

5 using the drilling with casing procedure would be lost. 
6 

7 It would therefore be a distinct advantage to provide a 

8 drill bit for use during drilling with casing which can 

9 . drill rock and earth formations but which can also be 

10 drilled through by another drill bit. The provision of a 

11 drill bit which allows the passage of a subsequent drill 

12 bit through it, would reduce the number of trips into a 

13 well bore required during a normal drilling procedure and 

14 minimise the risk of damaging any further drill bits 

15 introduced into the bore. 
16 

17 In our prior Patent Application PCT/GB99/01816 we have 

18 suggested that the drill bit has hard drilling material 

19 that may be moved away from the remaining body of the drill 

20 shoe prior to subsequent drilling through of the drill bit. 

21 We have also proposed EP0815342, a drill bit or shoe having 

22 hard drilling material placed only on the drill shoe or bit 

23 at the peripheral circumference thereof, and specifically 

24 only at the sides of the drill bit or shoe where the 

25 diameter is greater than the internal diameter of the 

26 casing. The present invention is distinguished from both of 

27 these teachings in that it provides for a. drill shoe or bit 

28 that has hard material within the area below the internal 

29 boundaries of the casing, and does not require moving parts 

30 to be displaced before subsequent drilling through can be 

31 commenced. 
32 
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2 It is an object of the present invention to provide a drill 

3 bit for use in a well bore which can drill earth and rock 

4 formations and guide a casing string into a well bore 

5 simultaneously. 
6 

7 It is a further object of the present invention to provide 

8 a drill bit for use in a well bore which is constructed 

9 from a material which allows a second drill bit to drill 
10 through it, 

11 

12 It is a yet further object of the present invention to 

13 provide a drill bit for use in a well bore which allows a 

14 second drill bit to drill through it, such that the second 

15 drill bit is hot damaged and can progress beyond the point 

16 reached by thef original drill bit within the well bore. 
17 

18 According to a . first aspect of the present invention there 

19 is provided a drill bit for drilling with casing in a well 

20 bore, said drill bit being constructed from a combination 

21 of a relatively soft material and a relatively hard 

22 material, wherein the hard material is- suitable for curting 

23 earth or rock, and wherein the combination of materials is 

24 in such proportion and in such arrangement to allow a 

25 subsequent further drill bit to drill through it. 
26 

27 Preferably the drill bit is. substantially constructed from 

28 the relatively soft material, wherein zhe relatively soft 

29 material is adapted to be drilled through with a standard 

30 earth drill bit. 
31 
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1 Preferably the drill bit is formed with a body having or 

2 being associated with a nose portion upon which are cutting 

3 members, wherein the body is made substantially from the 

4 relatively soft material and at least the leading edge or 

5 cutting surface of each cutting ' member is made from the 

6 hard material. 
7 

8 Preferably the hard wearing material is a hard material 

9 . such as tungsten carbide or a superhard material such as 

10 diamond composite or cubic boron nitride although any other 

11 suitable material may be used. 
12 

13 Preferably the soft, drillable material is aluminium. 

14 Alternatively the soft drillable material is copper . or 

15 brass alloy, although any other suitable material could be 

16 used. 
17 

18 There may be a plurality of soft materials and there may be 

19 a plurality of hard materials. 
20 

21 In one possible embodiment the nose is directly coated with 

22 the hard wearing material. 
23 

24 Optionally the coating is a continuous layer or film that 

25 covers the surface of the nose. 
26 

2*7 Alternatively the coating is non-continuous, such that the 

28 nose is afforded areas which, are not coated by the hard 

29 wearing material, wherein upon rotation of the drill bit 

30 the cumulative effect of the coated areas gives complete 

31 circumferential coverage of the dimensions of the drilled 

32 hole. 
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2 Alternatively the coating may be applied to an intermediate 

3 which is amenable to the nose of the drill bit. 
4 

5 Preferably the intermediate is nickel. 
6 

7 The intermediate may be attached to the nose prior to 

8 coating with the hard wearing material. Optionally the 

9 intermediate may be coated with the hard wearing material 
10 prior to attachment to the nose. 

11 

12 In a second embodiment the hard wearing material is. applied 

13 to the nose in the form of preformed elements wherein the 

14 cumulative effect of said preformed elements is to cover 

15 the surface of the nose and so act as a coating thereof. 
16 

17 The preformed elements may be chips or fragments of the 

18 hard material. 
19 

20 The preformed elements of the hard material may be directly 

21 applied to the nose. 
22 

23 Alternatively the preformed elements of hard material . are 

24 applied to the nose following the application of an 

25 amenable intermediate material to the nose or the preformed 

26 elements. 
27 

28 Preferably the amenable intermediate material is nickel 

29 substrate. 
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1 The preformed elements may be attached to the nose by 

2 standard techniques such as brazing, welding or shrink 

3 fitting. 
4 

5 Optionally the preformed elements have a re-enforced 

6 structure to aid drilling of hard formations. Where the 

7 preformed elements have a re-enforced structure, preferably 

8 the preformed elements are pre-weakened prior to attachment 

9 to the nose in order to allow fracture of the preformed 
10 elements upon drilling. 

11 

12 Preferably the drill bit may also comprise a plurality of 

13 flow ports to allow fluid bypass and lubrication of the 

14 bit. 
15 

16 Preferably the drill bit also comprises a stabiliser or 

17 centraliser . 
18 

19 Preferably the drill bit also comprises reaming members. 
20 

21 According to a third aspect of the present invention there 

22 is provided a method of fixing a hard or super hard wearing 

23 material to a drill bit nose made of a soft drillable 

24 material, wherein a jet is used to blow gases at very high 

25 speeds towards a cast of the nose and particles of the hard 

26 or superhard wearing material are introduced into the gas 

27 stream, wherein the kinetic energy of the procedure is 

28 converted to thermal energy which welds the particles to 

29 the nose. 
30 

31 According to a fourth aspect of the present invention there 

32 is provided a method for fixing a hard or superhard wearing 
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1 material to a drill bit nose made of a soft drillable 

2 material r wherein particles of the hard or superhard 

3 wearing material are placed within a mould and thereafter 

4 the soft drillable material is poured in molten form into 

5 the mould, such that on cooling said hard or superhard 

6 wearing particles are set in situ. 
7 

8 Alternatively the hard wearing material can be fixed to the 

9 nose by a standard technique such as brazing, welding and 
10 electroplating. 

11 

12 In order to provide a better understanding of the 

13 invention, example embodiments of the invention will now be 

14 illustrated with reference to the following Figures in 

15 which; 
16 

17 Figure 1 illustrates a drill bit in accordance with the 

18 present invention; 
19 

20 Figure 2 is an elevated view of the top of the drill bit; 
21 

22 Figure 3 illustrates an individual cutting member • isolated 

23 from the drill bit. 
24 

25 Figure 4 illustrates an elevated view of the top of an 

26 alternative embodiment of a drill bit in accordance with 

27 the present invention; and 
28 

29 Figure 5 illustrates a pre-formed element for attaching to 

30 the nose portion of a drill bit. 
31 
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1 Referring firstly to .Figure 1, a drill bit generally 

2 depicted at 1, is comprised of a cylindrical body 2, that 

3 can be mounted on the lower end of a casing string (not- 

4 shown) via a thread end connection 3 that can mate with the 

5 casing. The drill bit 1 is further comprised of a 

6 plurality of cutting members 4 which are fixed to the 

7 opposite end of the body 2 to the thread end connection 3, 

8 namely the nose end 5. The cutting members 4 extend out 

9 . from the nose end 5. 
10 

11 The nose 5 and cutting members 4 are constructed from a 

12 material such as aluminium, copper or brass alloy which is 

13 soft enough to allow the aforementioned nose 5 and members 

14 4 to be drilled through by a second and subsequent drill 

15 bit (not shown). The . cutting members 4 are substantially 

16 covered by a relatively hard material 6 typically being a 

17 hard material such as tungsten carbide or a superhard 

18 material such as diamond composite or cubic boron nitride. 

19 In the depicted embodiment the relatively hard material 6 

20 is located at the ^'leading edge" of the cutting member 4. 

21 In this respect the ''leading edge" refers to the . side of 

22 the cutting member 4 which directly contacts the ground or 

23 rock upon rotation of the drill bit 1. It is recognised 

24 that whilst in the depicted embodiments the hard wearing 

25 material is afforded to the leading edge of one or more 

26 cutting members 4 on the drill bit 1, the invention is not 

27 limited to this configuration. For example the hard. 

28 wearing material may be applied to the nose 5 in an 

29 embodiment having no cutting members 4 or may be applied to 

30 the whole surface of the cutting members 4 . 
31 
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1 The relatively hard material 6 may be applied to the 

2 cutting members 4 or nose 5 as a coating, that is as a 

3 layer or film. In one embodiment a continuous layer of the 

4 material 6 may cover the entire surface of the nose 5, or 

5 the cutting members 4. Alternatively a non-continuous 

6 layer of the material may coat the nose 5 or cutting 

7 members 4, In this instance, the surface of the nose 5 or 

8 cutting members 4 will comprise areas that are not coated. 

9 However, upon rotation of the drill bit 1, the cumulative 

10 effect of the coated areas will be complete circumferential 

11 coverage of the inside diameter of the casing in which the 

12 drill bit is located. 
13 

14 It is recognised in the present invention that direct 

15 application of some coatings to the nose material may not 

16 be practical. For example, extremely hard tungsten carbide 

17 particles cannot be applied to the preferred nose materials 

18 (e.g. aluminium or copper) by lasercarb welding. This 

19 material can be applied to soft nickel, • however machining 

20 said drill bit 1 entirely from nickel would be unduly 

21 expensive. Therefore in an alternative embodiment, a 

22 coating of the hard material 6 . is' applied to an 

23 intermediate, typically being nickel substrate, which is 

24 then attached to the nose 5 of the drill bit 1. 

25 Alternatively the nickel substrate can be attached to the 

26 nose 5 prior to coating. 
27 

28 In a further embodiment preformed elements of the hard or 

29 superhard material 6 are applied to the nose 5 or cutting 

30 members 4 of the drill bit 1 in place of a coating of film. 

31 Said preformed elements may be. chips, or fragments of the 

32 hard material 6. Typically the culmative effect of the 
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1 preformed elements is to cover the surface of the nose 5 or 

2 the cutting members 4 and so act as a coating thereof. The 

3 preformed elements may be directly applied to the nose 5 or 

4 cutting members 4 or may be applied after applying an 

5 amenable material either to the nose 5 or cutting members 4 

6 or the preformed element itself. The amenable material is 

7 typically nickel substrate. 
8 

9 The layout of cutting members 4 can be seen more clearly in 

10 Figure 2 which shows the nose end 5, viewed from above, and 

11 in Figure 3 which shows an individual cutting member 4. It 

12 can be seen in Figure 3 that the cutting means 6 has teeth 

13 formations 10 which allow any ''chips" of material remaining 

14 in the well bore to pass through the blade structure. 
15 

16 The nose 5 further comprises flow by . areas 7 that allow 

17 fluid circulated within the well bore to lubricate the 

18 surfaces of the bit 1. The body 2 also compris;es a 

19 stabiliser or centraliser 9 which maintains the drill bit 

20 . in the centre of the well bore, and reaming members 8, 

21 which function to remove any irregularities or obstructions 

22 from the wall of the bore. 
23 

24 In use; the drill bit 1, is run into a well bore (not 

25 shown) from the surface, typically whilst being rotated. 

26 The drill bit 1 pulls a casing string (not shown) as it is 

27 advanced into the newly formed well bore to a predetermined 

28 depth. Upon reaching this depth, the casing is cemented to 

29 strengthen the lining of the bore. If drilling beyond this 

30 first assembly is required, a second drill bit of a smaller 

31 diameter to the first is run into the well inside the 
32. casing string from the* surface. 
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2 Upon reaching the first assembly, the new drill bit can 

3 drill through the soft drillable material of the original 

4 drill bit 1 and cutting members 4, and therefore can 

5 proceed to a point beyond the depth reached by the original 

6 drill bit 1 within the well bore. The hard or super hard 

7 material 6 fixed to the cutting members 4 of the original 

8 drill bit 1 disintegrate into shavings when drilled. The 

9 shavings released into the well bore when the original bit 

10 1 is drilled throuigh do not obstruct the bore and are 

11 therefore not detrimental to the subsequent drilling 

12 process. In this manner a further section of the bore can 

13 be drilled beyond the previously attained depth without 

14 damage to the new drill bit and without needing to retrieve 

15 the first assembly from the bore. 
16 

17 When used for drilling through harder formations a thicker 

18 section of the preformed element will be required. However 

19 it will be appreciated that in such an instance, said 

20 preformed elements would not be drillable. Thereby in the 

21 event that a thicker element is required, said element is 

22 typically pre-weakened prior to attachment to the nose 5 or 

23 cutting members 4. In this manner, the elements will have 

24 the attributes of high stiffness whilst drilling but low 

25 resistance to fracture whilst being drilled. The pre- 

26 formed elements can then be applied directly to the nose 5 

27 or cutting members 4 by brazing or shrink-f itting or could 

28 " be attached to an amenable material, typically nickel 

29 . substrate. 
30 

31 A first method for fixing the hard or superhard material 6 

32 is now outlined. A jet is used to blow gases at very high 
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1 speeds towards a cast or block of the cutting member 4 or 

2 nose 5, and which is made from the soft, drillable 

3 material. Typically a speed in the region of Mach 2 is 

4 used. Very fine particles of the hard or superhard wearing 

5 material are introduced into the gas stream. The resulting 

6 kinetic energy is converted to thermal energy in the 

7 particles, and accordingly the heated particles ''weld" to 

8 the leading edge of the cast or block therefore forming a 

9 thin layer or film. 
10 

11 It will be appreciated that the abovedescribed method could 

12 be used with particles of the hard or superhard material, 

13 or with intermediates coated by the hard or super hard 

14 material or with preformed elements as described above. 
15 

16 An alternative method for fixing preformed hard or 

17 superhard particles to the cutting members 4 is to place 

18 them within a drill mould. Molten drillable soft material 

19 that will eventually become the nose 5 of the drill bit 1 

20 is then poured into the mould. On cooling the metal 

21 provides a drill bit 1 that has the hard or superhard 

22 particles set in situ. 
23 

24 The present invention is inherent with significant 

25 advantages in that the time taken for the drilling 

26 operation can be greatly reduced as there is no need to 

27 implement complex and timely retrieval operations to 

28 recover apparatus from the. bore. As a result the 

29 profitable stage of production can be begin much sooner. 
30 

31 A further advantage, is that unlike the drill .bits known to 

32. the art, the drill bit of the present invention is 
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1 drillable by another drill bit and the risk of damage to 

2 the second drill bit is therefore reduced. Furthermore as 

3 the cutting means of the cutting members consist of fine 

4 layers or cutting elements formed from hard material, they 

5 disintegrate into shavings upon drilling and therefore do 

6 not act as an obstruction to any subsequent apparatus that 

7 is advanced into the well. 
8 

9 Further modifications and improvements may be incorporated 

10 without departing from the scope of the invention herein 

11 intended. 
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1 Claims : 
2 

3 1. A drill bit for drilling with casing in a well bore, 

4 said drill bit being constructed from a combination of 

5 a relatively soft material and a relatively hard 

6 material, wherein the hard material is suitable for 

7 cutting earth or rock, and wherein the combination of 

8 materials is in such proportion and in such ■ 

9 arrangement to allow a subsequent further drill bit to 
10 drill through said drill bit. 

11 

12 2. h drill bit as claimed in Claim i substantially 

13 constructed from the relatively soft material, wherein 

14 the relatively soft material is adapted ro be drilled 

15 through with a standard earth drill bit. 
16 

17 3. A drill bit as claimed in Claim 1 or Claim 2 formed 

18 with a body having or being associated with a nose 

19 portion upon which are cutting members, wherein the 

20 body is made substantially from the relatively soft 

21 material and at least a leading edge or cutting 

22 surface of each cutting member is made from rhe 

23 relatively hard material. 
24 

25 4. A drill bit as claimed in any one of the preceding 

26 Claims, wherein the hard material is tungsten carbide. 
27 

28 5. A drill bit as claimed in any one of Claims i to 3, 

29 wheren the hard material is diamond composite. 
30 

31 6. A drill bit as claimed in any one of Claims i to 3, 

32 wherein the hard material is cubic boron nitride. 
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2 7. A drill bit as claimed in any one of the preceding 

3 Claims wherein the soft material is aluminium. 
4 

5 8. A drill bit as claimed in any one of Claims 1 to 6, 

6 wherein the soft material is copper or brass alloy. 
7 

8 9. A drill bit as claimed in any one of the preceding 

9 Claims having a plurality of soft materials. 
10 

11 10. A drill bit as claimed in any one of the preceding 

12 Claims having a plurality of hard materials. 
13 

14 11. A drill bit as claimed in any one of the preceding 

15 Claims wherein the hard material is provided as a 

16 coating. 
17 

18 12. A drill bit as claimed in Claim 11 wherein the coating 
.19 is applied to the nose portion. 

20 

21 13. A drill bit as claimed in Claim 11 or Claim 12 wherein 

22 the coating is a continuous layer or film. 
23 

24 14. A drill bit as claimed in Claim 11 or Claim 12 wherein 

25 the coating is non-continuous, such that surfaces of 

26 the drill bit are afforded areas which are not coated 

27 by the hard material, wherein upon rotation of the 

28 drill bit, the cumulative effect of the coated areas' 

29 gives complete circumferential coverage of the 

30 dimensions of the drilled v;ell bore. 
31 
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1 15. A drill bit as claimed in any one of the preceding 

2 Claims wherein the hard material is applied to an 

3 intermediate which is amenable to the nose of the 

4 drill bit. 
5 

6 16. A drill bit as claimed in Claim 15 wherein the 

7 intermediate is nickel. 
8 

9 17. A drill bit as claimed in any one of Claims 1 to 10 

10 wherein the hard wearing material is applied to the 

11 nose as preformed elements wherein the cumulative 

12 effect of said preformed elements is to cover the 

13 surface of the nose and so act as a coating thereof. 
14 

15 18. A drill bit as claimed in Claim 17 wherein the 

16. preformed elements are chips or fragments of the hard 

17 material. 
18 

19 19. A drill bit as claimed in Claim 17 or 18 wherein the 

20 preformed elements are attached to the nose by 

21 brazing. 
22 

23 20. A drill bit as claimed in any one of Claims 17 to 19 

24 wherein the preformed elements have a reinforced 

25 structure to aid drilling of hard formations. 
26 

27 21. A drill bit as claimed in Claim 20 wherein the 

28 preformed elements are pre-weakened prior to 

29 attachment to the nose in order to allow fracture of . 

30 the preformed elements upon drilling. 
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1 22, A drill bit as claimed in any one of the preceding 

2 Claims also comprising a plurality of flow ports to 

3 allow fluid bypass and lubrication of the bit. 
4 

5 23. A drill bit as claimed in any one of the preceding 

6 Claims also comprising a stabiliser or centraliser. 
7 

8 24. A drill bit as claimed in any one of the preceding 

9 Claims also comprising reaming members. 
10 

11 25. A method of fixing a hard or super hard wearing 

12 material to a drill bit nose made of a soft drillable 

13 material, wherein a jet is used to blow gases at very 

14 high speeds towards a cast of the nose and particles 

15 of the hard or superhard wearing material are 

16 introduced into the gas stream, wherein the kinetic 

17 energy of the procedure is converted to thermal energy 

18 which welds the particles to the nose, 
19 

20 26. A method . for fixing a hard or superhard wearing 

21 material to a drill bit nose made of a soft drillable 

22 material, wherein particles of the hard or superhard 

23 wearing material are placed within a mould and 

24 thereafter the soft drillable material is poured in 

25 molten form into the mould, such that on cooling said 

26 hard or superhard wearing particles are set in situ. 
27 

28 27. A method for drilling a well bore comprising attaching 

29 a drill bit in accordance with any one of the 

30 preceding Claims to casing, drilling a bore through 

31 the earth formation and subsequently running a further 
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1 drill bit in the well inside the casing and drilling 

2 through the first drill bit. 
3 



wo 01/46550 



1 / 3 



PCT/GBOO/04936 




SUBSTITUTE SHEET (RULE 26) 



wo 01/46550 



PCT/GBOO/04936 



2 / 3 




SUBSTITUTE SHEET (RULE 26) 



3 / 3 



PCT/GBOO/04936 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inl .tional Application No 

PCT/GB 00/04936 



A. CLASSIFICATION OF SUB JECT MATTER 

IPC 7 E21B7/20 E21B10/00 



According to International Paieni Classification (IPC) or lo both national classification and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system foUowed by classification symbols) 

IPC 7 E21B 



Documentation searched other than mifwnum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search ternts used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



us 5 957 225 A (SINOR LAWRENCE ALLEN) 
28 September 1999 (1999-09-28) 
column 5, line 15 - line 20 



column 6, line 5 - line 12 

column 13, line 37 - line 40 

column 13, line 57 - line 60; figures 

6A,6B,7 

US 5 096 465 A (CHEN SY-HWA ET AL) 
17 March 1992 (1992-03-17) 
column 1, line 27 - line 30 
column 10, line 44 - line 49 

-/-- 



1,3,5,9, 

22,27 

4,6-8, 

11-19, 

23-26 



4.6 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Speoal caiegones of dted documents : 

*A* document defining the general state of the art which is not 

considered lo be of particular relevance 
'E* earlier document but published on or after the international 

filing dale 

'L* document which may throw doubts on priority clalm(s) or 
which is died lo establish the publication date of another 
diat»n or other spedal reason (as specified) 

'O* document referring to an oral disdosure. use. exhibition or 
other means 

'P* document published prior to the international fiSng date but 
later than the priority date claimed 



T later document published after the international filing date 
or ptiority date and not In conflict with the application but 
dted lo understand the prindpfe or theory underlying the 
invention 

*X* document of particular relevance: the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step vimen the document is taken alorte 

•Y' document of particular relevance: the claimed invention 
cannot be considered to involve an inventive step when ttte 
document cs combined with one or more other such docu- 
ments, such combination being obvious to a person sIdDed 
in the art. 

*A* document member of the same patent family 



Date of the actual completion of the international search 



6 March 2001 



Dale of mailing of the. international search report 



15/03/2001 



Name and mailing address of the ISA 

European Patent Office. P.B. 5618 Paientlaan 2 
IC-2280HVRiswqK 
TeL (^1-70) 340-2040. Tx. 31 651 epo ni. 
Fax: (+31-70) 340-3016 



Authorized officer 



Bellingacci, F 



Fom PCTASA/210 (saoond aheoi) (Ju^ 199S) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



In jtlonal Application No 

PCT/6B 00/04936 



C.(Contimjalion) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation ot document, with indication.wtiere appropriate, of the relevant passages 



Relevant to daim No. 



wo 96 28635 A (BRIT BIT LIMITED ; STRONG 

PHILLIP (GB); WARDLEY MICHAEL (6B)) 

19 September 1996 (1996-09-19) 

cited in the application 

page 7, line 30 - line 36 

page 8, line 28 - line 34; figure 3 

US 4 460 053 A (JUERGENS RAINER ET AL) 

17 July 1984 (1984-07-17) 

column 4, line 4 - line 13; figure 3 

US 2 743 495 A (STONE, E.E.) 

I May 1956 (1956-05-01) 
column 1, line 41 - line 44 

EP 0 554 568 A (BAKER HUGHES INC) 

II August 1993 (1993-08-11) 

column 10, line 19 - line 37; figures 
23-25 



7.8.23, 
24 



US 5 535 838 A (KESHAVAN MADAPUSI K 
AL) 16 July 1996 (1996-07-16) 
abstract 

UO 92 20899 A (GATES RUBBER CO) 
26 November 1992 (1992-11-26) 
the whole document 



ET 



11-14 



15,16.26 



17-19 



25 



Fonn PCTASM210 (contlnudion d sooond sheet) (July 1992) 



page ? of 2* 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



tm itional Application No 

PCT/GB 00/04936 



Patent document 




Publication 


Patent family 


Publication 


cited In search report 




date 


member(s) 


Ucalo 




A 


23-09-1999 


NUNt 








A 


17.03-1992 










A 


19-09-1996 


AT 


174403 T 


15-12-1998 






AU 


713736 B 


09-12-1999 








AU 


4950396 A 


02-10-1996 








CA 


2214749 A 


19-09-1996 








DE 


69601129 D 


21-01-1999 








EP 


0815342 A 


07-01-1998 








NO 


974181 A 


05-11-1997 








US 


6062326 A 


16-05-2000 



US 4460053 A 17-07-1984 NONE 



US 2743495 


A 


01- 


-05- 


•1956 


NONE 






EP 0554568 


A 


11- 


-08- 


■1993 


US 


5238074 A 


24-08-1993 










AU 


3044992 A 


29-07-1993 












DE 


69230687 D 


23-03-2000 


US 5535838 


A 


16- 


-07- 


-1996 


GB 


2276886 A,B 


12-10-1994 


UO 9220899 


A 


26- 


-11- 


-1992 


AU 


2169792 A 


30-12-1992 










NX 


9202448 A 


01-11-1992 



Foim PCT/iSA/210 ^Btehl tamUy arvwi) (Ai^ 1082) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
7ADED TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□fjJNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



CNad] 



